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Harnessing time-frequency analysis tools +
empirical mode decomposition to represent energy release
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Harnessing time-frequency analysis tools +
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empirical mode decomposition to represent energy release
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Heterogeneous energy-release and frequency
content depending on tectonic setting and depth
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Heterogeneous energy-release and frequency
content depending on tectonic setting and depth
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Heterogeneous energy-release and frequency
content depending on tectonic setting and depth

Intraplate
Coast Trench
O I ? i 1 I T .
Upper e R
_ Crust  Plate A @
z £ o5k Moho  __.oe-- =233 B 2011-03-09(1) 1
E < ST CTL b 2011-03-09 2011-03-11(1)
= - 2011-03-09(2) 2005-11-14
g % Mantle 2005-08-16 2008-07-19
= 2010-03-14 2005-12-02 pra—
R § 50 P 2003-10-31 Bicasiiis
&01 1-04-07 Plate
75 1 1 | 1
100 50 0 -50
Distance from trench (km)
| N tra S I a b . Ye, Lay, and Kanamori (2013).

BSSA, 103, 1221-1241



Heterogeneous energy-release and frequency
content depending on tectonic setting and depth
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Spectral amplitudes: Interplate < Intraplate < Intraslab
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Interplate: increasing high-frequency
energy and energy/moment with depth
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Interplate: increasing high-frequency
energy and energy/moment with depth
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Time-frequency analysis of intrinsic mode functions
decomposed from earthquake strong-motion data
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Time-frequency analysis of intrinsic mode functions
decomposed from earthquake strong motion data
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Studies show source signal contained in combination of IMFs
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High correlation between original signhal and IMFs that best
—p055|bly represent the source.
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Linear combination of well-correlated IMFs gives a possible
time-frequency representation of energy release.
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Joint study of teleseismic and strong-motion data
connecting the energy release obtained from both
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Improved resolution using the Hilbert-Huang Transform
(HHT) = EMD + Hilbert Spectral Analysis
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HHT gives better resolution over spectrogram & scalogram
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Proposing station and
IMF-selection criteria and
expanding the analysis

e Strong motion data
(KiK-net, NIED, Japan)

® Borehole sensors (>
100 m)

e Vertical component

138°E 139°E 140°E 141°E 142°E 143°E 144°E 145°E
40°N ¥ 40°N
N N
' IWTH02 (3.7) |00
™~ - AKTH16 (1) |00 2008/07/23 | Mw 6.8 (2)
. ~ =
~ . g
~
39'N s ] { - 39°N
S < II H )
(1) - i
g \
N g
14 P j@%g ~ /
/ YMTHO2 (6) | 01 ,‘” 5 @ - 2012/12/07 | Mw 7.2 (7)
38°N 2 (2011/04/07 | Mw 7.1 (3) () ~ . 38°N
s Nl 2005/12/02 | Mw 6.5 (5)
\.\ Intraslab E 5
\w/
@ Interplate 1 @
Yy ‘\\
@ inraplate 2008/07/19 | Mw 6.9 (6)
37'N 37'N
138°E 139°E 140°E 141°E 142°E 143°E 144°E 145°E
DISTANCE (km) )
Trench axis
400 J' 100
A o0 T A’
0 * .
7
E
=
T o 7 S mmmmmmmmmm——mmm—————a =
£ wp- 7w e
N -
11}
o
150 —
E
—
200 ' !

14



"Best" stations?
In the direction of rupture
propagation and
orthogonal to it.
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"Best" IMFs? Based on the frequency band, not the IMF

number.
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Generating an 'Energy Rate Function' by picking maximum
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Correspondence of the ERF with the MRF, with a few
caveats (Time-frequency analysis vs. Waveform inversion)
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ERF-MRF correspondence observed at "best" stations (In the
direction of rupture propagation and orthogonal to it).
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ERF-MRF correspondence for other tectonic settings

20



20

ERF-MRF correspondence for other tectonic settings
Interplate (2005 Miyagi-Oki): Complex rupture; rough ERF & MRFs.
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ERF-MRF correspondence for other tectonic settings
Interplate (2005 Miyagi-Oki): Complex rupture; rough ERF & MRFs.
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ERF-MRF correspondence for other tectonic settings
Interplate (2005 Honshu): Low seismic intensity stations; one IMF.
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ERF-MRF correspondence for other tectonic settings
Intraplate (2012 Kamaishi): Complex rupture; 2 independent
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ERF-MRF correspondence for other tectonic settings
Intraplate (2012 Kamaishi): Complex rupture; 2 independent
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In conclusion, the combination of EMD with TFA tools is
useful for quick interpretation of earthquake energy release.
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